Abstract Low-turnover bone disease is a complication of chronic kidney disease and a long-term steroid therapy.
Introduction
Transplantation bone disease and chronic kidney diseasemineral bone disorders (CKD-MBD) are two entities independently associated with a high fracture risk [1, 2] .
Steroid treatment combined with increasing serum sclerostin levels due to a kidney damage may induce an adynamic bone disease [3] [4] [5] [6] . Decreasing kidney function is a common late complication of immunosuppressive therapy and may lead to CKD-MBD [2] . The decrease of bone mass is aggravated by a deterioration of bone microarchitecture not only in transplantation bone disease but also in CKD [7] [8] [9] [10] [11] . At the time of initiation of dialysis, 50% of the patients have prevalent fractures [10] [11] [12] , and approximately half of the patients on chronic dialysis have a low-turnover bone disease [13] . Whereas there are promising data for denosumab treatment in patients with chronic kidney disease [12] , prospective data for teriparatide (TPTD) in CKD patients are scarce [14, 15] . Only recently, one report of TPTD treatment leading to an improvement of bone remodeling in a dialysis patient was published [16] .
We report on the treatment effects of TPTD on the histomorphometric indices, bone mineral density, fractures, and bone metabolism in a cardiac transplant patient with stage 4 CKD.
Case
A 58-year-old white man who had received a cardiac transplant due to myocarditis 7 years earlier was followed up at the Medical University Graz, a tertiary center in the southern part of Austria, Europe. The first osteoporosis assessment of the patient was carried out 2 months following surgery. According to the WHO classification, osteopenia was diagnosed by measuring the bone mineral density (BMD)-using the dual X-ray technology (GE Lunar iDXA, GE Healthcare, UK)-at the spine (0.688 g/cm 2 , T-score −2.4), the neck region of the hip (0.698 g/cm 2 , T-score −1.9), and the total region of the hip (0.762 g/cm 2 , T-score −1.8). A standardized spinal X-ray revealed one moderate vertebral fracture according to the Genant classification [17] . The patient had no history of peripheral fractures or previously diagnosed osteoporosis. He received a triple immunosuppressive therapy consisting of 5 mg aprednisolone, cyclosporine A and mycophenolate mofetil, had normal laboratory results including normal kidney function, and was started on bisphosphonate therapy with quarterly intravenous ibandronate 2 mg on top of the daily 500 mg calcium and 1200 IU cholecalciferol (Vitamin D) [8] . After 2 years, the patient was lost to follow up but returned 5 years later due to an acute back pain. He was still on the same triple immunosuppressive therapy and had developed impaired kidney function (GFR 21 ml/min/ 1.73m 2 ). Other lab results showed a normal serum calcium and phosphate, elevated serum levels of iPTH, crosslaps (sCTX), osteocalcin (OC), procollagen type I N propeptide (PINP) [18] -due to accumulation with decreased renal function [18] [19] [20] [21] -and normal levels of 25 (OH) vitamin D (VitD), 5 tartrate-resistant acid phosphatase (TRAP5b), and bone alkaline phosphatase (bALP) (see Table 1 ). He had stopped bisphosphonate therapy 4 years ago and was currently receiving 500 mg calcium carbonate as a phosphate binder twice daily, as well as 2000 IU vitamin D. During the past 2 years, he had sustained a wrist fracture, a rib fracture, and an ankle fracture. A standardized X-ray of the spine revealed 10 vertebral fractures-4 severe, 1 moderate, and 5 mildaccording to [17] . BMD measurement was invalid at the spine due to vertebral fractures and aortic calcification (Agatston score 804). BMD at the hip region was severely reduced [neck 0.453 g/cm 2 T-score −3.9) and total hip 0.526 g/cm 2 (T-score −3.4] reflecting a loss of 35 and 34% compared to the BMD results obtained 7 years earlier on the same DXA device. Iliac crest biopsy following tetracycline double labeling was performed. Histomorphometric analysis (OSTEOMEASURE) revealed an adynamic bone disease and destroyed bone microarchitecture (see Fig. 1 and Table 2 ) [22] with reduced osteoid and eroded surface and an absence of double labels-only two single labels could be defined.
The patient was trained on self-injections with TPTD. Serum calcium and phosphate levels stayed within a normal range and were monitored daily, later at least every other week. Serum PTH and vitamin D levels did not change, bone markers increased, and kidney function remained stable ( Table 1 ). The patient improved clinically with an increase of the HRQoL (EQ-5D) and a decrease of the EQ-VAS score (Table 1) . After 1 year, a second bone biopsy showed EQ-VAS (0-100) 85 40 Fig. 1 On the left hand, a hematoxylin and eosin staining of the bone biopsy prior to TPTD shows a lack of osteoid surfaces, eroded surfaces, no osteoblasts or osteoclasts reflecting a low bone turnover. The unstained cut at the baseline had no double labels. The unstained cut on the right shows double tetracyline labels under teriparatide therapy-the biopsy was taken after 1 year of TPTD treatment improvements of static and dynamic parameters ( Table 2 ) (Fig. 1) . After TPTD was initiated, no new peripheral fracture occurred, BMD remained stable, and spinal X-ray revealed no new fracture but worsening of one mild to a moderate vertebral fracture. No adverse events or rejection episodes occurred. In total, the patient has received TPTD for 24 months, and he is currently under denosumab 60 mg twice a year.
Discussion
To our knowledge, this is the first case report on TPTD treatment in transplantation bone disease describing a beneficial effect on bone remodeling. This case grows intricate due to the adynamic bone disease as a likely consequence of a long-term steroid treatment, aggravated by chronic kidney disease. In the recently published report of a dialysis patient without concomitant immunosuppressive therapy, positive effects on bone remodeling have been published [16] . That 41-year-old dialysis patient showed a marked improvement of histomorphometric parameters after 2 years of TPTD, together with a marked increase in BMD. Similar to this case, our patient responded to TPTD with a near fourfold increase of OS/BS, a 20-fold increase of OV, and a normalization of ObS/BS. Even as soon as after 12 months, the cancellous structural parameter improved (see Table 2 ). These changes are in line with the data published earlier [22, 25] , and only changes in W. Th and BV were smaller-possibly due to the shorter treatment duration. Compared to [16] , in the case described here, a marked anabolic effect was seen, with a manifold increase of the bone formation indices. There is strong evidence that the early period of TPTD treatment is dominated by a bone formation [26, 27] . Our patient had his second biopsy after 1 year. Likely, a chronic steroid therapy and a low-turnover CKD-MBD accounted for a delayed response to TPTD, and the excessive response of bone formation in this patient reflects the early predominately anabolic effect [27] . In CKD patients with a low-turnover bone disease, TPTD seems to increase BMD [15, 28] , but the data on histomorphometric response are limited to one case [16] . With denosumab, a treatment option for patients with normal-to high-turnover CMD, MBD has become available [12] , but again histomorphometric data in CKD patients are lacking.
The opportunity to treat a high-turnover bone disease in a kidney failure with denosumab and a low-turnover CKD-MBD with TPTD on the one hand and the lack of any prospective interventional studies, so far, must encourage clinicians to start treating patients according to their underlying pathophysiology which can be assessed using histomorphometric diagnosis of bone turnover status. It must be acknowledged, however, that not a single prospective interventional study exists so far.
Our case demonstrates that even in a CKD-MBD patient with a triple immunosuppressive therapy including a lifelong treatment with steroids, adynamic bone disease responds to teriparatide treatment and leads to a normalization of the dynamic parameters and improvement of the structural indices.
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